5-Fluorouracil (5-FU), synthesized in 1956 by
Heidelberger is an intensively examined anticancer drug for use in clinical cancer chemotherapy. [3] [4] [5] 5-FU and its analogues have been shown to be effective for the treatment of human cancers. [6] [7] [8] 1-(2-Tetrahydrofuryl)-5-fluorouracil (FT), 1-hexylcarbamoyl-5-fluorouracil (HCFU) and 5Ј-deoxy-5-fluorouridine (5Ј-DFUR) are synthetic derivatives of 5-FU. [9] [10] [11] [12] [13] UFT is a mixed compound of tegafur and uracil at a ratio of 1 : 4. 14) FT is converted to 5-FU by the microsomal fraction (P-450) of liver in the presence of NADPH. 15) Uracil enhances the antitumor activity of tegafur by inhibiting the degradation of 5-FU generated from tegafur. Uracil suppresses the degradation of 5-FU but does not inhibit the phosphorylation of 5-FU. 14, 16, 17) 5Ј-DFUR is converted to 5-FU in mainly the tumor and intestine by uridine phosphorylase in mice and by thymidine phosphorylase in humans. HCFU, lipophilic analogue of 5-FU is absorbed rapidly in an intact form through the gastrointestinal tract and distributed into the tumor. HCFU is converted to 5-FU by natural degradation.
These compounds were developed to obtain the selective accumulation of 5-FU in the tumor. In this study, we compared these 4 compounds measuring their antitumor effect and 5-FU concentration in the plasma, intestine and tumor.
MATERIALS AND METHODS
Anticancer Drugs and Chemicals UFT was obtained from Taiho Pharmaceutical Co., Ltd. (Tokushima, Japan), and 5-FU, HCFU and 5Ј-DFUR were purchased from Nacalai Tesque Inc. (Kyoto, Japan), Mitsui Pharmaceutical Inc. (Tokyo, Japan) and Nippon Roche Co., Ltd. (Tokyo), respectively. All other substances were analytical-grade reagents.
Mice and Tumor Male BDF1 mice weighing from 20 to 22 g each were kept at the Mie University Animal Center under constant conditions (12 h light : dark regimen, Oriental Chow pellet food and water ad libitum). The mice used for these experiments were 8 weeks of age. L1210 cells were maintained in BDF1 mice by weekly intraperitoneal (i.p.) injections of 1ϫ10 6 cells. Mice used in the experiment received 1ϫ10 6 ascites tumor cells i.p. The mice were divided into five groups. Each group consisted of 10 mice. Only water was given to the mice during the 12 h before drug administration. The cells were harvested by washing the mouse peritoneal cavity with 1 ml of ice-cold phosphate buffered saline (PBS). To evaluate the life prolongation effect, each drug was given orally for five consecutive days (twice daily) after the tumor inoculation.
To measure the plasma, tumor and intestine levels of 5-FU, a single dose of each drug was given orally 3 d after the tumor inoculation (nϭ3).
Doses of the Drugs
The doses of 5-FU, UFT, HCFU and 5Ј-DFUR were 13 mg/kg, 64.8 mg/kg (20 mg/kg of tegafur and 44.8 mg/kg of uracil), 25.7 mg/kg and 24.6 mg/kg respectively. These doses were equimolar to 5-FU.
Antitumor Activity Antitumor activity was evaluated by calculating the prolongation of the postinoculation lifespan (percentage ILS).
Determination of Plasma and Tumor On day 3 after the tumor inoculation, a single dose of drug was orally administered. The mice were killed at various intervals and the plasma and other tissues were removed. The ascites cells were harvested by washing the mice peritoneal cavity with 1 ml of ice-cold phosphatebuffered saline and centrifuged at 1500 rpm for 5 min at 4°C. The viavility of the tumor cells by dye exclusion test was higher than 95% at 24 h.
The samples were then stored at Ϫ20°C in the dark until analysis. The separation of 5-FU from the plasma, intestine and the tumor was carried out as reported previously.
18)
The gas chromatography-mass fragmentography apparatus and conditions for determination of 5-FU was reported previously.
18) Student's t-test was used for statistical analysis. (Table 1) . Based on the weight loss of the mice, the 4 drugs were concluded to have similar degrees of toxicity. No death due to toxic effects was observed.
RESULTS

Effect of Equimolar Oral Administration of 5-FU, UFT, HCFU and 5-DFUR on the Survival of L1210 Ascites
5-FU Levels in the Intestine, Plasma, and Tumor after Oral Administration of the Four Fluorinated Pyrimidines
5-FU levels in the intestine were higher than those in the plasma (Figs. 1, 2) . Intestinal 5-FU concentration in intestine (Fig. 2) was highest for the treatment with 5-FU during the initial 4 h and lowest for UFT at 0.5 h. Area under the curve (AUC ) in intestine treated with 5-FU, UFT, HCFU 5Ј-DFUR were 6531 ng · h/g, 5676 ng · h/g, 2995 ng · h/g, 3101 ng · h/g respectively.
The plasma concentration of 5-FU after administration of HCFU was significantly higher than the other drugs for the initial 2 h. It reached a maximum at 30 min after treatment and then disappeared relatively rapidly from the plasma. Plasma 5-FU levels after 5-FU and 5Ј-DFUR were lower than 100 ng/ml at 30 min and were below the detectable level after 1 h (Fig. 2) . AUC in plasma treated with 5-FU, UFT, HCFU 5Ј-DFUR were 55 ng · h/g, 515 ng · h/g, 1118 ng · h/g, 45 ng · h/g respectively. The time-concentration changes in the tumor 5-FU level are shown in Fig. 3 . Tumor 5-FU concentrations for the treatment with UFT were higher than 200 ng/ml for 24 h. Tumor levels of 5-FU by treatment with 5-FU were higher than 50 ng/ml at 2 and 4 h. Tumor levels of BDF1 mice were intraperitoneally inoculated with L1210 cells. 5-FU (13 mg/kg), UFT (64.8 mg/kg, 20 mg/kg as tegafur), HCFU (25.7 mg/kg) or 5Ј-DFUR (24.6 mg/kg) was orally administered twice a day after tumor inoculation. ILS: increase of lifespan. 5-FU by HCFU and 5Ј-DFUR were below the detectable level for 24 h. AUC in tumor treated with 5-FU, UFT were 1037 ng · h/g, 6720 ng · h/g respectively.
DISCUSSION
Many experimental studies have shown that 5-FU derivatives have a broad antitumor spectrum. 1, 2, 6, 7, 14) They have been used clinically by oral administration. 19) In this study, we examined the antitumor effect and 5-FU concentration in the intestine, plasma and tumor after oral equimolar administrations of each drug using BDF1 mice bearing L1210 ascites tumor. Although all the drugs tested extended the life span of the experimental mice, only UFT showed a better therapeutic result than the parent compound, 5-FU. The intestinal 5-FU concentration was highest by treatment with 5-FU.
Tumor 5-FU concentration by 5Ј-DFUR treatment was very low. Ishitsuka et al. reported that uridine phosphorylase activity was low in L1210 cells. 20) This might be the reason why the tumor 5-FU concentration was very low by 5Ј-DFUR treatment. In spite of the high 5-FU plasma concentration, the tumor 5-FU concentration by HCFU treatment was below the detectable level throughout the 24 h period. The reason for this is now unknown.
Tumor 5-FU concentration was extremely high by UFT treatment. At 4 and 6 h after UFT administration, uracil concentration in the tumor increased to 133 and 189% of the control (data not shown). This increased uracil concentration might cause the 5-FU accumulation in the tumor by the competition of the breakdown pathway of 5-FU. 17) In this study, the intestine and plasma concentrations of 5-FU did not show any correlation with the antitumor effect. The tumor concentration of 5-FU might be a good indicator of the antitumor effect. In clinical use 5-FU and it's analogues are used for longer than several months. 6) In this study, we examined the 5-FU concentrations after single administration of the drugs. Pharmacokinetic of these drugs after long term administration must be examined.
